
LLNL-JRNL-428951

Lithospheric Velocity Structure of the
Anatolian plateau-Caucasus-Caspian
Regions

Rengin Gok, RJ Mellors, E. Sandvol, M. Pasyanos, T.
Hauk, R. Takedatsu, G. Yetirmishli, U. Teoman, N.
Turkelli, T. Godoladze, Z. Javakishvirli

April 26, 2010

Journal of Geophysical Research



Disclaimer 
 

This document was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor Lawrence Livermore National Security, LLC, 
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States government or Lawrence Livermore National Security, LLC. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States government or 
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product 
endorsement purposes. 
 



 

1 

 

Lithospheric Velocity Structure of the Anatolian plateau-Caucasus-Caspian Regions 

R.Gök1, R.J. Mellors2, E. Sandvol3, M. Pasyanos1, T. Hauk1, R. Takedatsu2, G. Yetirmishli4, U. 

Teoman5, N. Turkelli5, T. Godoladze6, Z. Javakishvirli6 

1  
Lawrence Livermore National Laboratory, Livermore, CA, USA 

2 San Diego State University, San Diego, CA, USA 

3  University of Missouri, Columbia, MO, USA 

4  Republic Seismic Survey Center, Azerbaijan 

5  Kandilli Observatory and Earthquake Research Institute, Cengelkoy, Istanbul,Turkey 

6 Seismic Monitoring Center, Georgia 

Abstract 

The Anatolian Plateau-Caucasus-Caspian region is an area of complex lithospheric structure 

accompanied by large variations in seismic wave velocities. Despite the complexity of the region 

little is known about the detailed lithospheric structure.  Using data from 31 new permanent 

broadband seismic stations along with results from a previous 29 temporary stations and three 

existing global seismic stations in the region, a 3D velocity model is developed using joint inversion 

of teleseismic receiver functions and surface waves. Love and Rayleigh surface waves group and 

phase dispersion curves were derived from regional and teleseismic events.  Additional surface wave 

group dispersion curves were determined using ambient-noise correlation. These dispersion curves 

were included in global inversion. Receiver functions were calculated using teleseismic P arrivals 

from 789 teleseismic earthquakes.  The stacked receiver functions and surface wave dispersion 

curves were jointly inverted to yield the absolute shear wave velocity to a depth of 100 km at each 

station.  The depth of major discontinuities (sediment/basement, crust/mantle, and 

lithosphere/aesthenosphere) inferred from the velocity/depth profiles at the location of each 

station.   Distinct spatial variations in crustal and upper mantle shear velocities were observed. The 

Kura basin showed slow (~2.7-2.9 km/s) upper crustal (0-11 km) velocities but elevated (~3.8-3.9 

km/s) velocities in the lower crust. The Anatolian plateau varied from ~3.1 - 3.2 in the upper crust 

to ~3.5-3.7 in the lower crust while velocities in the Arabian plate (south of the Bitlis suture) were 

slightly faster (upper crust between 3.3 - 3.4 and lower crust between 3.8-3.9 km/s.  The depth of 

Moho, which was estimated from the shear velocity profiles, varied from 35 km in the Arabian plate 

and increased northward to 54 km at the southern edge of the Greater Caucasus. Moho depths in 

the Kura and at the edge of the Caspian showed more spatial variability but ranged between 35-45 

km.  Upper mantle velocities were slow  under the Anatolian plateau but increased to the south 

under the Arabian plate and to the east (4.3-4.4) under the Kura basin and Greater Caucasus. The 

areas of slow mantle coincided with the locations of Holocene volcanoes. Differences between 

Rayleigh and Love dispersion at long wavelengths a pronounced variation in anisotropy between the 

Anatolian plateau and the Kura basin. 
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Introduction 

The continental collision zone between the Arabian and Eurasian plates has led to formation 

of  2 km high plateau and the formation of a diffuse zone of deformation that extends from the 

Bitlis suture to the Greater Caucasus (Figure 1). In addition to the fold and thrust belts typical of 

most continental collision zones, the Arabia/Eurasia transition zone includes the South Caspian 

basin, a 20 km deep sedimentary basin of uncertain origin (Sengor, 1990; Brunet et al., 2003; Khain, 

2005) and the Anatolian-Iranian plateau, an uplifted volcanic area dominated by active strike-slip 

faults in eastern Anatolian and the Lesser Caucasus and thrust faults in the Zagros mountains 

(Barazangi et al., 2006; Gogus and Pyshlywec, 2008; Ershov and Nikishin, 2004; Maggi and Priestley, 

2005). Explanations of this diversity in tectonic styles differ but generally invoke subduction (and/or 

delamination) episodes embedded within the collision zone (Priestley et al., 1994; Sengor, 2003; 

Masson et al., 2006; Gogus and Pysklywec, 2008).  Contributing to the poor understanding is the 

lack of a comprehensive crustal and lithospheric velocity model of the region. Large-scale regional 

and global models (e.g. Bijward et al., 1998; Piromallo and Morelli, 2003) show intriguing features 

but cannot resolve the fine details. In the Caucasus region much of the detailed information on 

crustal and upper mantle velocity structure is based on refraction data collected in the 1960’s (e.g. 

Neprochov, 1968) along with data from a few temporary deployments and sparse global seismic 

stations (Mangino and Priestley,1998). More recent data (e.g. Sandvol et al., 2003) collected in the 

Anatolian plateau have image the bulk lithospheric structure of eastern Anatolia but the transitions 

between the plateau and the surrounding tectonic units are unclear. A comprehensive velocity model 

would aid in the understanding of this complex region. A detailed model is also essential in mapping 

regional wave propagation and improving the accuracy of earthquake hypocenters throughout the 

region.  

This paper presents a model of the crustal and upper mantle structure of the Anatolian 

plateau/Caucasus/Caspian region using waveform data from 31 new broadband stations in the 

region (Figure 1) combined with previous data. The new broadband stations are part of the 

Azerbaijan, Georgian, and Turkish national seismic networks. The spatial coverage of this dataset 
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represents a significant improvement over previously available broadband data, which was restricted 

to three global stations and a few temporary deployments. In this study, we combine surface waves 

with receiver functions to obtain a constrained shear wave velocity model of the crust and upper 

mantle to a depth of 100 km. The results provide a comprehensive view of the crustal structure and 

illuminate the transitions between the various tectonic units.  

Geologic and tectonic setting.  A broad zone of deformation exists along the northern edge of the 

Arabian Plate and extends from the Zagros Mountains to the Caucasus/Caspian region. The current 

style of deformation varies from compression and thrusting in the Zagros to strike-slip in the 

Anatolian plateau (Allen et al., 2004). As the Arabian plate is moving northward with respect to 

Eurasia at a rate of approximately 18 mm/year (Reilinger et al, 2006), the deformation zone has 

generally been attributed to the ongoing continental collision (Dewey and Sengor, 1979) but other 

mechanisms such as orogenic collapse or slab pull may play a significant role (Allen et al., 2004; 

Vernant and Chery, 2006). Prior to the present configuration, active subduction of the Neo-Tethys 

oceanic lithosphere occurred along the northern edge of the Arabian plate. This subduction ceased 

approximately 24 Ma at the beginning of the Miocene as all oceanic crust was consumed (Sengor et 

al., 2003) although the timing varies substantially along the Eurasian-Arabian plate boundary. The 

continued Arabian/Eurasia convergence has affected the Anatolian plateau, the Caucasus, and the 

South Caspian basin in distinctly different fashions.  

The most prominent feature in the area of interest is the South Caspian Basin, a deep (~ 

20km) sedimentary basin filled with mostly Pliocene-Quaternary sediments (Knapp et al., 2000; 

Allen et al; Brunet et al, 2003).  The exact origin and age of the South Caspian is uncertain. Brunet et 

al. (2003) suggests that it is a backarc basin which underwent increased subsidence at the onset of 

continental collision (Brunet et al., 2003). Other possibilities include remnant oceanic crust (Nadirov 

et al., 1997) or a large-scale pull-apart basin (Sengor, 1990). The basin is bordered by thrust faults on 

the west, south, and east (Allen et al., 2002) but internally the basin remains relatively undeformed. 

The northern edge is marked by a large anticline, the Absheron megastructure, which cuts 

northwest-southeast across the Caspian Sea. The Absheron structure coincides with a northwest-

southeast belt of seismicity including moderate depth (as deep as 70 km) earthquakes that occur at 

the northern edge of the south Caspian Sea basin. This seismicity (Priestley et al., 1994) as well as 

gravity (Allen et al., 2002) and deep seismic reflection data (Knapp et al., 2000) suggest that the 
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South Caspian crust is subducting northward under the Eurasia plate along this zone. It is unclear 

how far the subduction extends to the west.  Estimates of the initiation of the subduction range 

from 2 to 10 Ma.  (Hollingsworth et al., 2008). Refraction lines and onshore receiver functions 

indicate a thin but high-velocity crust suggesting either remnant oceanic crust or thinned continental 

crust (Neprochov, 1968; Mangino and Priestley, 1998). Lg is blocked but Sn propagates well 

(Kadinsky-Cade et al., 1981; Rodgers et al., 1997; Gök et al, 2003). Pn velocities are normal or 

possibly slightly elevated (e.g. 8.0-8.2 km/s)(Hearn and Ni, 1994; Al-Lazki et al, 2003; Toksoz et al., 

2006) . The thick upper package of low-velocity sediments is well-documented by reflection seismic 

data and has a profound effect on surface Rayleigh wave propagation at frequencies of 25-50 

seconds (Priestley et al., 2001). 

Between the South Caspian and the Black Sea a complex area lies containing the Greater 

Caucasus and the associated Kura Basin. The Greater Caucasus are primarily a fold and thrust belt 

and represent the northern extent of significant deformation between the Arabian and Eurasian 

plates. GPS data shows about 7 to 14 mm/yr of shortening across the Greater Caucasus (Reilinger 

et al. 2006; Masson et al., 2006). This has been interpreted to suggest that subduction may be 

continuing under the Greater Caucasus (Vernant and Chery, 2006). The western Greater Caucasus 

includes several Holocene volcanic areas and gravity data indicates a decrease in lithospheric 

strength from east to west (Ruppel and McNutt, 1990). Sn also appears to suffer greater attenuation 

in the western Greater Caucasus than in the eastern section. Refraction data indicate a crustal 

thickness of approximately 50-55 km with moderate to low crustal velocities (Ershov et al., 2003). 

South of the Greater Caucasus and bordering the South Caspian basin is the Kura Basin, a 

lowland with up to 15 km of sediments (Brunet et al. 2003) and inferred to be a foreland basin to 

both the Greater and Lesser Caucasus. Structurally, it is separated from the South Caspian basin by a 

ridge of uplifted basement (the Talysh-Vandam basement high) and the inferred West Caspian fault 

(Kadirov and Askerhanova, 1998).  Refraction data indicate a high velocity lower crust in places 

(Ershov et al., 2003). A well drilled to a depth of 8.3 km on the Talysh-Vandam basement high 

showed 2-3 km of sediments over metamophosed volcanics. On the east side of the basement high 

the sediments thicken greatly into the South Caspian. The Kura Basin is bordered on the southeast 

by the thrust faults of the Talysh Mountains and on the southwest by the Lesser Caucasus.  Regional 

wave propagation and velocities are poorly constrained in this region but it appears that high Pn and 
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Sn velocities extend into the Kura basin from the South Caspian but that Sn may be attenuated in 

the western Greater Caucasus (Martin et al., 2008). 

The Turkish/Iranian plateau is an uplifted volcanic plateau (Barazangi et al., 2006; Maggi and 

Priestley, 2005) with an average crustal thickness of 40-50 km that increase from south to north.  

Low Pn velocities (7.6 km/s), highly attenuated Sn, and receiver functions indicates that the 

lithospheric mantle is thin or missing (Gok et al., 2003; Zor et al., 2003; Al-Lazki et al., 2004; Angus 

et al., 2006) and therefore elevations are supported by buoyant asthenosphere rather than thickened 

crust (Sengor et al., 2003). The abnormally hot upper mantle and widespread volcanics may be 

related to the detachment of the subducting slab or continental delamination about 11 Ma. Detailed 

receiver functions and resistivity measurements indicate that the possible delaminated lithospheric 

fragments possess a complex geometry (Ozacar et al., 2008; Turkoglu et al., 2008). An alternate 

possibility is that remnant water and fluids from the subducting oceanic slab may be affecting mantle 

properties (Hearn and Ni, 1994; Maggi and Priestley, 2005), although the chemistry of the volcanic 

rocks is not consistent with this interpretation.  

In general, while the individual structure of each tectonic unit is fairly well understood the 

interaction between units and transitional structure is poorly defined. This paper seeks to provide a 

clear and comprehensive model of the area.  

Data 

 Recently, permanent broadband stations have been deployed across the Caucasus and 

eastern Turkey region as part of various national networks (Azerbaijan(14), Georgia(4) and 

Turkey(13)) providing an excellent opportunity to study the lithospheric structure.  We used data 

from 31 newly available broad-band stations that have been installed in recent years (Figure 1).  

These stations are part of the Azerbaijan National Seismic network, the Georgian Seismic Network, 

and stations run by Kandilli Observatory in Turkey.  The Azeri stations are STS-2 seismometers 

(0.02 to 50 Hz) and the Kandilli and Georgian network are a mix of CMG-3ESP, CMG-3T and 

CMG-40T.  To accompany this data set waveform data was also collected from 2005 to 2009 for the 

relevant global seismic stations (GNI, ABKT, and KIV). 
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Method 

The combination of receiver functions and surface waves is a powerful method to infer 

crustal and upper mantle shear wave velocities. Receiver functions isolate the response of near 

vertically propagating plane waves to seismic velocity discontinuities under a seismic station and are 

primarily sensitive to the depth of velocity contrasts but have poor sensitivity to absolute velocities.  

Surface wave dispersion is primarily controlled by the S-wave velocity structure but possesses poor 

sensitivity to velocity discontinuities or fine structure. Therefore, inverting both surface wave 

dispersion and receiver functions simultaneously should improve the reliability of the results (Julia et 

al., 2000). 

Receiver Functions 

Tele-seismic events between 30 and 90 degrees with a magnitude greater than Mb=5.5 were 

extracted from the data and receiver functions were calculated for all stations. Due to varying data 

availability, the largest number of events was recorded by the GSN stations with over 600 candidate 

events. Most of the other stations possessed between 100 and 200 candidate events. Azimuthal 

coverage was excellent to the east but poorer toward the west (Figure 2). The time domain iterative 

deconvolution of Ligorria and Ammon (1999) was used to calculate the receiver functions with a 

Gaussian filter (a) of 1.0, 1.5 and 2.5 seconds.  All events and receiver functions were visually 

inspected for high signal to noise and only results with a high signal to noise were used.  

The quality of the receiver functions was poor for several of the Azerbaijan stations due to high 

noise levels (especially NDR, GOB, and GAL) and thick sedimentary layers under most stations, 

which produced pronounced multiples. Figure 2 shows the radial component receiver functions for 

all events at selected, characteristic stations plotted as a function of backazimuth.  Because of the 

limited space here we will be discussing only these selected stations.  Very strong crustal multiples 

are observed at stations BRD, QUB and IML.  QUB is located at the northern edge of the Greater 

Caucasus (Figure 1) where several layers of multiples that cause very broadened P waveforms with 

multiples.  LKR, located at the boundary between Talysh mountains and the Kura basin, displays a 

clear consistent PsMOHO. Mangino and Priestley (1998) found 33 km thick crust for station LNK 

(co-located with LKR) with 13-km-thick sedimentary section lying on a high-velocity lower-

crustal section using only receiver functions.  Variations in receiver functions waveforms with 
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backazimuth and significant energy on the tangential components suggest important lateral 

variations in structure under several stations as well (e.g. QUB, MTDA, LKR on Figure 2). In 

general, the stations in eastern Turkey showed clearer results although CUKT, located at the Bitlis-

Zagros fold and thrust belt, has a slightly noisier and incoherent signal combined with low amplitude 

PsMOHO.  We initially used forward modeling and the slant stack technique of Zhu and Kanamori 

(2000) to estimate Moho depth and crustal properties (Takedatsu et al., 2008) but the strong 

multiples present in the receiver functions added considerable error in the estimates and we prefer 

using the additional constraints provided by the joint inversion.  

 

Surface Wave Analysis 

 Several methods were used to obtain surface wave dispersion curves.  These included event-

based methods used for both group and phase velocities as well as Rayleigh wave group dispersion 

estimate from ambient noise cross-correlation. The dispersion curves generated for each station pair 

were then spatially interpolated to extract the best-fit dispersion curves over a set of spatial grid 

points although different algorithms were used to determine group and phase dispersion. 

 We calculated the Love and Rayleigh wave group velocity dispersion curves of over 1500 

waveforms (7-90 sec) at distances of 0-90 degrees. Waveforms were filtered and dispersion curves 

manually picked using the multiple frequency implementation.  The horizontal components showed 

higher noise levels than the vertical component and hence the dispersion curves for Love waves 

have higher errors than the corresponding Rayleigh dispersion curves especially at longer (more than 

70 seconds) periods. Ambient noise correlation with sign-bit normalization was applied to 406 

station pairs to obtain Rayleigh wave group velocities.  Figure 3a shows the Green’s functions 

obtained by cross-correlating 1 hour segments of vertical component data from station GNI with all 

other stations, stacking, and then filtering at 20-50 sec.  Again, due to variation in available data the 

amount of inter-station overlap varied but the shortest period of inter-station overlap was 90 days.   

   Group velocity dispersion curves from all station-event and station-station (ambient-noise) 

correlations were inverted using the global/regional surface wave tomography algorithm of Pasyanos 

(2005). The inversion also includes measurements from other stations in the region.  This method 

generates an interpolated dispersion curve over a set of spatial grid points (0.5°x0.5°).  The group 

velocity dispersion curves appropriate for each station were then extracted from the tomographic 

inversion maps.  Results from three stations (in the Kura Basin, Anatolian Plateau, and 
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Greater Caucasus) are shown in Figure 3b.  Anatolian plateau is significantly lower at longer periods.   

Kura and Greater Caucasus is low at short periods where crust is overlaid by thick sediments.  

  The phase velocity map was obtained with the method of Yang and Forsyth et al., (2003) at 

periods between 20-145 seconds.  Initially, a 1-D fit to all data was estimated and then phase 

velocities were inverted in 50km spacing at 13 different frequencies using the 1D fit as a starting 

model.  As in group velocities, Rayleigh wave individual station dispersion curves to be used at joint 

inversion were also extracted from the 2-D phase velocity tomography results (Skolebletseyn et al., 

2009). 

 

Inspection of the phase and group velocity maps showed trends consistent with the known surface 

geology. Compared to Kura and Greater Caucasus, we observe lower velocities below the eastern 

Anatolian Plateau above 45 seconds.  Highest velocities in the upper mantle are observed in the 

Greater Caucasus, while the slowest velocities at short periods (10-30 sec) are observed both Greater 

Caucasus and Kura basin which reflects the slow, thick sediments of the region.   

 

Joint Inversion 

The stacked radial receiver functions (Gaussian filtered at 1.0, 1.5, and 2.5 seconds) and the 

interpolated dispersion curves (Rayleigh (group+phase), Love (group)) for each station are inverted 

to yield a 1D shear wave model to a depth of 100 km at each station location. The method of Julia et 

al. (2000) is used. In brief, an iterative, damped, least-squares algorithm is applied to find the best-

fitting model that fits both the observed receiver functions and the dispersion curves. Important 

adjustable parameters are the starting model, the smoothing between adjacent vertical layers, and the 

relative weighting between the datasets (receiver functions and surface waves). Additional details can 

be found in Julia et al., (2000; 2003) and the reader is advised to consult those for further details. 

Initially, a simplified continental model was used based on the combined IASPEI91 and AK135 

global models.  For stations in the Kura Basin region the inversion did not converge and a thick, 

low-velocity sedimentary layer was added to the starting model in accordance with the known 

structure of the region based on deep drillholes, surface geology, and a variety of geophysical studies 

(e.g. Kadirov and Askerhanova, 1998l). We basically replaced the uppermost crustal layer with 10 km 

of low velocity, sedimentary layer (Figure 4, blue line).  Three different weighting schemes were 
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tested (30-70%; 50/50%; and 70/30%) to weight the receiver function and surface wave misfit, 

respectively.  We fixed smoothness parameter (Julia 2000, equation 6) to 0.6 during inversion.  In 

most cases, velocity profiles for all three relative weights were similar except at shallow (< 10 km) 

depths. Figure 4 shows an example of the joint inversion data and results for station QUB.  A 1-D 

velocity profile was obtained for each station as it is shown at the figure.  We started with the initial 

model (blue line) and used three different weights to obtain the average model that would best 

represent the structure below that station.  Red lines are individual synthetic receiver functions after 

each inversion, black line at the right panel is the average of all models.          

Results and Conclusion 

 Inversion results are shown in Figures 5 and 6.  We combined the 31 new measurements with 

results from a previous 29 station temporary deployment on the Anatolian plateau processed using 

similar methods from Gök et al., (2006).   

 Moho depths were estimated from the shear wave profiles resulting from the shear wave 

profiles by inspecting profiles for large gradient change and reaching the value of 4.2 km/s.  This 

value of Vs is slower that any upper mantle velocity value. However the smoothness factor in the 

inversion and the gradients in Figure 5 shows the resulting map derived by interpolating the Moho 

depth estimates at each station using a neighborhood algorithm (at distance of 200 km). These 

estimates were compared with estimates of Moho depths obtained using receiver functions alone 

with a slant-stacking technique of Takedatsu et al., 2009.  We observed larger differences at two 

methods of thicknesses at thick sedimentary basin stations (ALI, IML, BRD, QUB, SIZ).  The 

Lesser Caucasus has the thickest crust (~52 km), which is thinner than the estimate of Sandvol et al 

(1998).  Coverage of the Greater Caucasus was sparse, but suggests 50 km in the west and 45-50 in 

the east. The Kura/South Caspian showed mixed results, possibly due to poor resolution by the 

receiver functions related to multiples within the upper crust. The Arabian plate showed the most 

homogenous results with thickness of 35 km.    

 Horizontal depth slices of 10, 35 and 85 km are shown in Figure 6.  The thick sediments of 

Kura Basin is still observed with low velocities with the average Vs=2.8 km/s at 10 km slice.  The 

eastern part of the Greater Caucasus shows similar low velocities in the upper crust.  The northern 

part of mountains is also overlain by relatively young Oligocene to Quaternary sediments.  The 

slowest lower crustal velocities are observed in the northeastern Anatolian plateau and Lesser 
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Caucasus region where the intensified Neogene/Quaternary, Holocene volcanoes were observed 

(Figure 6, 35 km depth).  Gök et al, (2000) noted severe attenuation within the crust where the shear 

velocities were eliminated at 90-100km epicentral distances. 

 There were cases where we observed the discrepancy between Love and Rayleigh wave 

simultaneous inversion. Love waves are sensitive to the velocity of horizontally propagating SH 

waves while the receiver functions and Rayleigh waves are sensitive to the vertically propagating SV 

waves. The inability to fit data in the long period portion of the dispersion curves may indicate the 

existence of the radial anisotropy in the upper mantle. To test the existence of anisotropy we 

performed two separate inversions with individual Love and Rayleigh wave inversions.  The results 

are shown in Figure 6.  At 57 and 85 km depth, where the lithospheric mantle is present the 

vertically polarized S wave travels faster than the horizontally polarized S wave (SV > SH). This 

feature is observed in the Greater Caucasus and Kura but not observed under the Anatolian plateau 

and Lesser Caucasus between the depths of 57-100km (Figure 6).  We observe slower S-wave 

velocities throughout the plateau, northern Arabian plate, Lesser Caucasus as well as SH being 

higher (4-8 %) than SV.   SH > SV in the asthenosphere might be related to the shear flow with a 

significant horizontal component.  If it is the case we might consider this as the boundary of 

lithosphere.  The lithosphere is possibly slightly deeper (see the boundary in Figure 6).   

The slowest crust and upper mantle velocities are observed in Lesser Caucasus progressing 

from south to north (Figures 6).   A clear, relatively fast shear velocities feature apparent in the 

improved Caucasus model is relatively fast shear velocities within Kura Basin and Greater Caucasus.  

There is little change in the magnitude of velocity estimates across much of the Lesser Caucasus 

along transects perpendicular to the Caucasus.   

Regional waves propagating in the crust (Lg) is sensitive to crustal thickness variations and 

the upper mantle (Sn) is greatly affected by the upper mantle velocities.  The presence of Sn is an 

indication of a stable and relatively thick lithospheric mantle.  To test the validity of our velocity 

model we inspected regional waveforms for simply checking the presence of Sn and Lg.  We show 

an example, a magnitude 5.1 event occurred at northern part of Greater Caucasus recorded by most 

of our stations (Figure 7a).  We show paths from event to station if Sn is present and clearly 

observed within 0.5-8 Hz pass-band.  Both Lg and Sn completely disappear when they travel 

through the Anatolian plateau.  Within Kura and part of the greater Caucasus Sn is very prominent 

phase.  We used the visually inspected waveforms following the technique of Sandvol et al., for Sn 
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efficiency tomography map.  We added our observations to the existing Sandvol et al., (2000) and 

Gok et al., (2001, 2003).  Figure 7b shows Sn propagation efficiency map of the region. The region 

with very low S-wave velocities (patched at figure) at 85 kilometers and the presence of seismic 

transverse isotropy (SH>SV) generally coincides with the zones of inefficient Sn propagation. 

 

Discussion  

Crustal thickness patterns suggest the majority of crustal thickening has occurred far from the 

Arabian-Eurasian plate boundary along the Pontides and Greater Caucasus.  This first suggests that 

there has been limited crustal thickening exempt in the northern portion of the collisional belt 

between Arabia and Eurasia.  This thickening seems to have occurred against the strong rigid 

lithosphere of the Black Sea and Siberian craton that may have acted as a backstop to the weaker 

lithosphere of the Anatolian plateau and Lesser Caucasus.  Given the low crustal shear velocities and 

the pervasive volcanism in the Eurasian crust just north of the Bitlis suture it seems unlikely that this 

was accomplished by transmitting stress from the plate boundary to the northern Pontides and 

Greater Caucasus.  This crustal thickening might have occurred during the last stages of subduction 

of the NeoTethys when there was possibly a flat slab subduction below the Anatolian plateau 

(Barazangi et al., 2006). This would also be consistent with the idea that there was only significant 

crustal shortening prior to the development of continental escape and the associate northern and 

eastern Anatolian fault zones. 

 

We also observe possible crustal melt zones with extremely low velocities in the mid to lower crust 

in easternmost Anatolia and the western Lesser Caucasus.  Overall this zone seems to coincide with 

the location of active volcanism but thinner crust.  This suggest that these low velocities and 

possible crustal melt zones are produced from heating associate with a thin to absent mantle lid as 

opposed to the accumulation of large amounts of radiogenic material in a thickened crust.  This is 

also consistent with the lack of crustal thickening that we observe in the eastern Anatolian plateau. 

Our map of the thinnest lithosphere is limited to eastern Anatolia and does not extend into the 

Lesser Caucasus, Kura basin, or Greater Caucasus.  This is consistent with the idea of a slab-break 

off or delamination event occurring close to the Arabian-Eurasian plate boundary.  However the 

lack of crustal thickening in the regions of thinner lithosphere seem to argue for slab break off 

rather than delamination.    
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Figure 1 Stations that contributed this study with the data.  Stations are color-coded with their 
belonging countries (Turkey:red,Georgia:white,Azerbaijan:yellow.gray circles:GSN stations). Broad-
band stations include STS-2, ESP3T, ESP3ESD and CMG40T type instruments. 
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Figure 2 Receiver functions (filtered with a Gaussian filter width of 1.0 second) plotted as a 
function of backazimuth from selected stations in the region.  The stacked traces of radial(R) and 
transverse (T) receiver functions are shown on top of each panel.   
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Figure 3 a) Ambient-noise correlation results of GNI with the rest of stations, filtered at 20-50 sec. 
b) Example of surface-wave dispersion curves extracted from the regional/global tomography map 
after including data from this study.  The ray density map shown at lower right (with highlighted 
station locations shown on the graph) 

 



 

19 

 

  

Figure 4 An example of how the joint inversion is performed with combined measurements.  Note 
that the Love and Rayleigh waves are completely overlapped between10-50sec.  Blue is the starting 
model on the right panel.  Red line is synthetic.  
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Figure 5 The figure of interpolated Moho depth including Moho depth results from ETSE network 
(Gok et al., 2003).  The deepest Moho is observed in Lesser Caucasus region and the shallowest is in 
Arabian Plate.   
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Figure 6  Horizontal slices of velocities at upper (10km), lower crust (35km) and upper mantle 
(85km).  Thick sediments of Kura basin are still prominent at 10km depth.  Slowest velocities are 
observed in northeastern Arabian Plateau and Lesser Caucasus. The lower crust in the Kura basin is 
relatively fast.  Anisotropy at 57 and 85 km depth are shown on the lower panel.   
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Figure 7 Sn propagation efficiency tomography.  Red is blocked Sn and blue is efficiently 
propagating Sn.  The shaded area is the low velocity anomaly at 85 km (Figure 6) 


